Introduction

!
Preparation and bowel cleansing represent an important step in conducting colonoscopy. A well prepared and clean bowel is absolutely necessary for making an accurate diagnosis. Insufficient cleaning makes the procedure more time consuming, technically more difficult or even impossible with a higher risk of complications [1, 2] . An ideal preparation for colonoscopy should be simple, fast, effective, safe, and well tolerated. There are some particular issues concerning safety and tolerance in childhood: Many of the commonly applied regimens use agents that are not approved for children. To date only one agent, Picoprep ® , has recently received official approval in Germany for bowel preparation in children. The demand from families and health care institutions for a short preparation time leads to the necessity to ingest a high volume of liquids in a short period of time. Thus tolerability is limited and problems such as vomiting or refusal of further oral intake are common [3 -8] . Gastric tubes may be necessary for application [6] .
There are relatively few good data about the effectiveness and tolerance of preparation regimens available for children. In 2010 Hunter and Mamula reviewed the literature, comprising 8 randomized clinical trials, and stated: "Based on the available data it is difficult to make precise comparisons…" and "…the existing agents require further evaluation regarding their safety and dose profiles that provides appropriate preparations with minimal adverse events." [9] . The results of the studies published after conclusion of this review do not change this overall image [3, 7, 8, 10 -12] . The authors of the only existing evidence-based recommendations conclude: "There is no ideal bowel cleansing regimen and, thus, numerous cleanout protocols are in use." [13] . As no other evidence-based guidelines exist, the search for an ideal preparation regimen still continues. There is no detailed information about the regimens used for bowel cleansing especially in Germany. The methods used are heterogeneous and seem to depend more on personal preferences and local habits and conditions with a low degree of standardization. We therefore have chosen the Background and study aims: The goal of this study was to analyze the bowel cleansing methods currently used for pediatric colonoscopy in terms of effectiveness, tolerance and safety. Patients and methods: Data from 768 colonoscopies reported by 28 centers were registered in an online database for further analysis. Binary logistic regression was used to determine how preparation methods affected the cleaning effect (Aronchick score) and the rate of adverse events (Aes) and complications. Results: The most frequently reported cleansing agents were sodium picosulphate (54.2 %) and polyethylene-glycol (41.3 %) in various combinations. The cleaning effect was good to excellent in 72.6 % of patients. AEs during the preparation period occurred in 21.5 % of patients. Complications during endoscopy were reported in 12.1 % and were mostly mild. The different agents had no influence on the cleaning effect. In contrast the risk of AEs during preparation was significantly increased when polyethylene-glycol was used (odds ratio (OR) 2.112, P = 0.002) but reduced with the use of sodium picosulphate (OR 0.380, P < 0.001). In particular, the risk of needing a nasogastric tube to complete clean-out was about 10-fold higher when polyethylene-glycol was used. Conclusions: A large variety of regimens are used for bowel preparation in children. We found a good overall cleaning result independent of the agents used. Cleansing agents, on the other hand, had a significant influence on tolerance and safety.
concept of an open observational study to pursue two objectives: First, to obtain a realistic picture of the different methods and agents used in Germany and second, to try to analyze whether these "real-life" regimens differ in terms of effectiveness and safety.
Patients and methods
!
Data collection
In this study we analyzed data from a multicenter online register that was created in the context of a quality management project of the Society of Pediatric Gastroenterology and Nutrition (GPGE). Participation was voluntary and participants were asked to enter information about all colonoscopies carried out in children from 0 to 18 years from October 2011 to November 2012. A dataset was created for each individual colonoscopy. Each dataset contained items concerning structure, process and outcome (• " Table 1 ). We did not specify any standard or protocol concerning the agents to be used. The choice of the cleansing regimen was completely left to the discretion of the participating physicians. No identifying patient information was transmitted to the database. A total of 768 datasets were provided by 28 participating centers. The Aronchick score was applied for assessment of the cleaning effect. This score is validated and simple to use (• " Table 2 ) [14] . The alternative Ottawa/Boston score is based on assessment of 3 segments of the colon applying a scale of 0 to 3 points to each of them, whereas application of the Aronchick score only requires a global assessment of the colon as a whole, applying a scale of 5 levels. Both scores are validated and suitable for the assessment of bowel preparation. The 2015 American Society for Gastrointestinal Endoscopy guideline states: "The Aronchik Scale is a global rating best suited for comparing different bowel preparations because it assesses the quality of the preparation encountered during the initial inspection of the colon." [15] In the context of our survey it was simpler to introduce the Aronchick score for 2 reasons. First, we were neither able to train the participating centers in applying the score nor to control its use independently. These factors then favored the use of the simpler Aronchick score. Second, for our statistical analyses,we had to dichotomize the cleaning effect into 2 categories (good cleaning effect/bad cleaning effect), so that the more detailed Ottawa/Boston score would not have provided an advantage in the context of our study. Adverse events (AEs) during the preparation phase and complications during the examination itself were recorded based on predetermined categories. AEs during the preparation period were categorized as follows: no AE; nasogastric tube placement; vomiting; abdominal pain; and refusal of further oral intake. Examination time was recorded in minutes, separately until the cecum and the terminal ileum were reached. Categories for complications during the endoscopy procedure were: no complications; minor complications; and major complications, and included events such as technical problems, bleeding, perforation, infection, arterial hypotension, oxygen desaturation, and death.
Statistical analyses
In the first step we aimed to obtain a general view of the methods used for bowel preparation and analyzed the data with descriptive methods reporting percentages, mean values, and medians.
To evaluate the applied regimens in regard to their effectiveness and safety we tried to establish a correlation between the data concerning methods and results using regression models. Factors influencing the cleaning effect, AEs, and complications were calculated on the basis of binary logistic regression. For that purpose 2 additional structural parameters were calculated to characterize the participating centers: 1) the total number of reported endoscopies; and 2) the percentage of outpatients. The outcome parameter "cleaning effect" measured by the Aronchick score was dichotomized into 2 categories: good cleaning effect (Aronchick score 0 to 1) and bad cleaning effect (score 2 to 4). Events and complications were divided into two categories: no event/ complication; any event/complication. Further subanalyses were performed for each single type of event during the preparation period. Factors influencing the examination time were investigated in a similar way by linear regression using the time needed to reach the cecum as a reference. Software packages MS-Excel (2010) and SPSS (IBM ® SPSS ® statistics, v.19&21) were used for all statistical analyses. Access to the database was password-protected. Each participating center had access only to its individual data. The design of this project was strictly observational with no experimental investigation. Routine written informed consent regarding the colonoscopy procedure was obtained from parent(s). The study was approved by the ethics committee of the University of Witten-Herdecke. No external funding was required. Original article E822 THIEME
Results
!
Descriptive analyses
We were able to analyze data from a total of 768 colonoscopies reported by 28 participating centers (• " Table 3 ). The median age of the patients was 13 years (IQR 10 -15). The most frequent indication reported for colonoscopy was inflammatory bowel disease; the other indications are detailed in • " Table3.
• " Table 3 also summarizes the cleansing agents used, the most frequently reported being sodium picosulphate and polyethylene-glycol (PEG). These were applied in a number of different combinations (• " Table 4 ). Usually patients are given a clear liquid diet at least for some time during the preparation period. In our database this item was originally included and a clear liquid diet was documented in 295 patients (38.4 %) in our survey. When we discussed the results with our participating centers, this rate turned out to be far too low, mainly due to the difficulty to define such a diet consistently. So we decided to exclude this aspect from further analysis. Results of inpatients compared with outpatients are shown in• " Table 5 .
The median duration of the bowel preparation period was 1 day. Of the colonoscopies, 13.3 % were prepared and performed in an outpatient setting. The cleaning effect defined by the Aronchick score varied significantly among the different centers. Bowel cleaning was good or excellent in 72.7 % of patients and only 0.7 % of the colonoscopies had to be terminated due to insufficient cleaning. AEs during the preparation phase occurred in 21.5 % of cases. These consisted mainly of the necessity to use a nasogastric tube (n = 107, 13.9 %; for more detail see • " Table 3 ). Completion rate was high with the cecum reached in 95.1 % of patients. Complications during the endoscopy procedure were reported in 12.1 % and were mostly mild. Serious complications were reported in 6 cases (0.8 %): a drop in blood pressure (n = 2), perforation (n = 2), hemorrhage (n = 1), oxygen desaturation (n = 1). Perforation occurred in a patient with severe intestinal graft versus host disease and in a second patient after balloon dilation of a high-grade stricture.
Regression models
The results of the regression analyses are shown in• " Table 6 . The regression model as a whole did not show that the measures taken nor the duration of the preparation phase had any marked influence on the cleaning effect. In particular, no influence of the choice of cleansing agents could be found. The low value of Nagelkerke's R² (0.059) indicates that only a small part of the variance can be explained by the model. In contrast, we found a clear link between the preparation methods and the frequency of AEs during the preparation period. Nagelkerke's R² reached an acceptable value of 0.277 for this part of the model. The risk of events is increased when PEG is used (OR 2.112) and reduced when sodium picosulphate is used (OR 0.380). Further analysis showed that the risk of insertion of a nasogastric tube was 10-fold higher when PEG was used whereas the risk of nasogastric tubes, vomiting, and refusal were significantly reduced with the use of sodium picosulphate (• " Table6 c) Regression models looking at complications during the examination showed a significant influence only with regard to parameters concerning the setting of the endoscopy (procedure on an outpatient base: OR 0.4). Overall subjective assessment was influenced only by the cleaning effect. Linear regression (• " Table 7) showed that the duration of endoscopy in our sample was significantly influenced by the cleaning effect (Aronchick score, coefficient B (coeff.) 0.756 (0.066 -1.446), P = 0.03), the use of PEG (coeff. 1.631 (0.255 -3.007), P = 0.02), and the use of sodium phosphate (coeff. -3.207, P < 0.01). However, it should be noted that the last 3 models mentioned resulted in only low r² values and thus did not yield convincing results as a whole.
Discussion
Our analysis shows a very heterogeneous picture of the regimens used for the preparation of colonoscopy in children. The cleansing agents, duration of the preparation period, and setting (inpatient or outpatient) vary significantly. The most frequently used Other agents only 1 11
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* "other agents" mainly consisted of bisacodyl and senna Original article E823 THIEME agents in this study were sodium picosulphate and PEG in various combinations. Participation in our project was voluntary. The participating centers in our study represent a relatively balanced sample of institutions active in pediatric gastroenterology in Germany. Institutions differing in size and level of specialization as well as performing endoscopy both on an inpatient and outpatient setting were represented. Both the relatively low number of procedures per center and the relatively high rate of inpatients are in part due to some structural peculiarities: Most activities take place in hospitals rather than in physicians' offices. Furthermore, pediatric gastroenterology in Germany is less centralized than in other European countries where procedures are only performed in a limited number of larger institutions.
Centers were asked to transmit data from all colonoscopies during the project period. In a different survey prior to this study, members of the GPGE were asked to indicate their total number of colonoscopies per year without specific details (unpublished data). The number of procedures in centers participating in both projects was similar. While we cannot completely be sure that no procedures were omitted, we assume that the number of unreported endoscopies was not significant. All centers, whether large or small, performed accepted standardized procedures. Our data showed that the number of colonoscopies performed by a center did not influence the quality of bowel preparation. In comparison with inpatients, outpatients had similar indications for colonoscopy. They were more often prepared with picosulfate than with PEG or sodium phosphate and received fewer rectal enemas. No difference in cleaning effect could be found but outpatients seemed to have had fewer AEs during the preparation period. However, that may be due, in part, to selection and reporting bias. Table 7 Linear regression analysis of association between variables and duration of colonoscopy (time to cecum).
R²: 0.029 coefficient B 95 % CI P The search for factors that influence the outcome of the preparation period was the main objective of this analysis. The outcome in this context consists of 2 elements: the effectiveness as measured by the cleaning effect and the tolerability and safety as measured by the rate of AEs and complications. The cleaning effect, on the one hand, varied markedly among the centers. This variability, on the other hand, could not be explained reasonably on the basis of the recorded factors. The concomitant regression model only achieves a low quality of prediction and shows no significant influence of the agents used. This implies that influencing factors outside the model must play an important role here.
In contrast, we found that the regimens clearly influenced tolerability and acceptance of the preparation. That was particularly true for the rate at which nasogastric tubes were needed or used. In this study, the placement of a nasogastric tube was labelled as an AE. Even though it might be a fixed part of the preparation procedure in some centers, we consider the rate of gastric tube placements an indicator of tolerability of the agents used. This rate was many times higher when PEG was used as an element of the preparation. Additional correlations were found for the outcomes "vomiting" and "refusal to take the oral agent". For all 3 aspects of tolerability and acceptance, use of sodium picosulphate had a significant positive effect. In contrast, from our data, no influence on tolerability could be attributed to patient age, indication for colonoscopy, or duration of the preparation period. The fact that only 72 % of patients had a very good cleaning result could be considered as insufficient. However, comparability of the cleaning effect in published studies is limited as no consistent scoring system is used by differing authors. Some studies specify the cleaning result with scoring systems similar to the Aronchick score, reporting good to excellent cleaning results with rates ranging from 40 % to 100 %. [4, 5, 7, 8, 11, 12,16 -19] . In published studies the preparation time seems to have an important influence on the cleaning result. Especially when PEG is used, longer preparation periods of 2 to 4 days have a tendency to yield better cleaning results [10, 17] , while the rate of good to excellent results in 1-day regimens does not exceed 88 % [19] . When sodium picosulphate is used, up to 100 % of good to excellent cleaning is reported [18] , but it should be noted that according to our results, no difference in terms of effectiveness could be found in 2 singlecenter randomized controlled trials directly comparing PEG and sodium picosulphate [20, 21] . Taken together, our results accord reasonably well with published data if the typical short duration of the preparation period (1 day or less) in our patients is taken into account. We hypothesize that an extension of the preparation period and a close monitoring of bowel cleansing would lead to improved results but that cannot be derived from our data. Studies investigating short preparation protocols report abdominal pain in up to 53 % of patients [5] and nausea and vomiting in up to 60 % [3] . When sodium picosulphate is used, the rate of AEs in single studies seems to be lower [18, 22] . In direct comparison, sodium picosulphate was better tolerated than PEG [20, 21] with a significantly lower need for nasogastric tube insertion corresponding to our results [20] . The majority of our patients received PEG in combination with electrolytes. It should be noted that several authors have recognized low palatability of PEG preparations with electrolytes as an issue. In 1 study nasogastric tubes were necessary in the majority of children [6] . [3, 7] . There is a lack of direct comparisons between the 2 types of PEG preparations. In our study only 9 of the 317 patients who received PEG as part of their preparation regimen were prepared with electrolyte-free PEGsolution. This is probably due to the fact that no such cleansing agent with official approval for colon preparation is available in Germany. In 2 of the 9 patients the solution was applied via a nasogastric tube, a rate that corresponds well with the rest of our sample. Oral sodium phosphate was administered to 9.2 % of our patients. The use of oral sodium phosphate in children is limited due to the potential risk of electrolyte imbalance and fatal hyperphosphatemia and the fact that it can cause hemorrhagic gastropathy, erosions, and histologic mucosal changes [24 -26] . In our data we detected a 2-fold risk of vomiting when sodium phosphate was used. No further differences in comparison with other agents could be ascertained. Our analysis is the first one of its kind in Germany. Its strengths are the large number of colonoscopies analyzed and the structured data collection on the basis of single endoscopies. The mix of participants represents a balanced sample, including pediatric gastroenterologists at all healthcare levels. The cleaning effect as the most relevant dependent variable was recorded on the basis of a validated score and not only by subjective assessment, even though the use of the Aronchick score was neither practiced prior to implementation by participants nor independently controlled. The limitations of this study result primarily from its open observational design. This was not a controlled trial and there was no randomization or standardization of the conditions of the bowel preparation. Some parameters that were probably relevant could not be recorded with reasonable effort. For example, we were able to analyze the elements of the different regimens but neither precise dosages nor details of the application (e. g. controlling the cleaning effect during preparation by parents and nurses) could be recorded. We are not able to be more precise concerning the influence of the type of indication, because our participating centers could only choose from the fixed categories in our database. Furthermore, sedation practices were not part of our survey. They are known to vary highly in Germany due to differences in local resources and personal preferences of the performing endoscopists and due to the lack of evidence based guidelines. Differences within the groups of patients (selection bias) or differences in the examiner's personal way of applying the Aronchick score (interobserver bias) could be additional confounding factors. Thus we cannot exclude that relevant influencing factors were omitted from our analysis. Despite these limitations we were able to provide novel data regarding the effectiveness, tolerability, and safety of bowel preparation regimens in children.
In conclusion, in our sample of 768 colonoscopies, we found a large variety of regimens used for bowel preparation, the most frequently used cleansing agents being sodium picosulphate and PEG. Our analysis points to a strongly increased need for the use of nasogastric tubes, if PEG is used for bowel preparation in children and adolescents prior to colonoscopy, whereas the different agents seem to have no discernible influence on the cleaning result. Sodium picosulphate apparently has comparable effectiveness and proves to be better tolerated. Further well-designed direct comparisons between the 2 cleansing agents will be the logical next step to further promote the ongoing search for an ideal regimen for children.
